• was consistent with site approach to risk assessment/ safety culture; • involved appropriate workforce from all areasoperations, maintenance and technical support; • enhanced the effective knowledge and understanding of the workforce; and • developed a communication tool to enable ease of understanding by site personnel. Esso's approach of using qualitative risk assessment techniques (familiar to many site personnel) enabled the process to use tools that provided ease of involvement for the non-technical or safety specialists. This paper will explain this approach in greater detail, demonstrating how this successfully met the stringent requirements of the regulations whilst providing Hazard Register documentation readily understood by the key customerour site workforce.
The hazard register clearly identifies the relevant hazards and their controls, as well as highlighting the linkages to the safety management system and documented performance standards. A comprehensive training program provides all personnel working at site with an overview of the safety case, and the necessary skills and knowledge to be able to use the safety case and hazard register to its maximum advantage. The safety case resource booklet (similar to our offshore approach) is an integral part of the training program, and provides an ongoing reference source for trainees. It continues to receive recognition by both regulators and industry.
Session 2B: 4:10 pm, Bellarine rooms 1 and 2 Sequestration of anthropogenic CO 2 into underground brine-saturated reservoirs is an immediate option for Australia to reduce CO 2 emissions into the atmosphere. Many sites for CO 2 storage have been defined within many Australian sedimentary basins. It is anticipated that seismic technology will form the foundation for monitoring CO 2 storage within the subsurface, although it is recognised that several other technologies will also be used in support of seismic or in situations where seismic recording is not suitable. The success of seismic monitoring will be determined by the magnitude of the change in the elastic properties of the reservoir during the lifecycle of CO 2 storage. In the shortterm, there will be a strong contrast in density and compressibility between free CO 2 and brine. The contrast between these fluids is greater at shallower depth and higher temperature where CO 2 resembles a vapour. The significant change in the elastic moduli of the reservoir will enable time-lapse seismic methods to readily monitor When performing a petrophysical analysis, an accurate understanding of the mineralogy of the formations of interest is important for two main reasons. Firstly, the mineralogy of the formations controls the matrix density, which is fundamental in the evaluation of porosity using conventional methods. Secondly, an accurate estimate of the fraction of clay minerals present in the formation is essential in accurately correcting resistivity-based saturation estimates for the effects of excess clay conductivity.
Accurately evaluating the mineralogy in formations containing both gas and radioactive minerals such as feldspars can be a challenge. Traditional clay indicators such as gamma ray estimate clay volumes which are too high due to the radioactivity coming from matrix grains such as potassium feldspars, feldspar rich volcanolithic grains and muscovite. In formations having light hydrocarbon such as gas or condensate, density-neutron logs under-estimate the volume of clays due to the light hydrocarbon effects on the density and neutron logs. Moreover, if the logs are to be acquired in a borehole with gas, air or foam, only a limited number of tools sensitive to mineralogy may be run. Using the SpectroLith technique, data from neutron capture spectroscopy tools such as the Reservoir Saturation Tool (RST) or Elemental Capture Spectroscopy Sonde (ECS) can be used to provide answers in these challenging situations.
The RST is normally logged in cased hole for the sigma or carbon/oxygen ratio logs useful for determining formation saturation. The SpectroLith processing extracts lithology information, and in turn the weight proportion of clay, quartz-feldspar-mica, carbonate, pyrite, anhydrite and coal. The ECS tool is optimised for providing SpectroLith results at faster logging speeds in larger boreholes. This paper demonstrates, through examples from Australia, the applications of SpectroLith results derived from RST and ECS measurements. Two examples with the RST and one with the ECS are presented. In one example, the only available source of mineralogical information was from the results of SpectroLith processing applied to RST data. The second example shows how SpectroLith results can complement a through casing petrophysical evaluation. The example using ECS compares the mineralogy from a traditional analysis with that from SpectroLith processing and demonstrates the improvements to the petrophysical evaluation through a more accurate mineralogical description. Although no complete examples are available in gas wells in Australia at present, SpectroLith provides a promising way for accurately estimating mineralogy in gas wells.
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structural or hydrodynamic trapping of CO 2 below an impermeable seal. Because the acoustic contrast between brine saturated with CO 2 and brine containing no dissolved CO 2 is very slight, however, dissolved CO 2 is unlikely to be detected by any seismic technology, including high-resolution borehole seismic. The detection of increases in porosity, associated with dissolution of susceptible minerals within the reservoir may provide a means for qualitative monitoring of CO 2 dissolution. Conversion of aqueous CO 2 into carbonate minerals should cause a detectable rise in the elastic moduli of the rock frame, especially the shear moduli. The magnitude of this rise increases with depth and demonstrates the potential contribution that can be made from repeated shear-wave and multi-component seismic measurements. Forward modelling suggests that the optimal reservoir depth for seismic monitoring of CO 2 storage within an unconsolidated reservoir is between 1,000 and 2,500 m. Higher reservoir temperature is also preferred so that free CO 2 will resemble a vapour. A micro-CT facility for imaging, visualising and modelling sedimentary rock properties in three dimensions (3D) is described. The facility is capable of acquiring 3D X-ray CT images of full-diameter cores and core plugs at up to 2,000 3 voxels with resolutions down to 2µm. This allows the 3D pore-space of a rock to be imaged and, with the aid of SEM, to identify regions of different mineralogy. Computational results are presented which demonstrate that accurate predictions of petrophysical properties can be made directly from the digitised tomographic images. Computations of both formation factor and permeability from micro-tomographic images of Fontainebleau sandstone are shown to be in excellent agreement with experimental measurements over a wide range of porosities. Computed elastic properties for dry and water-saturated conditions are shown to be consistent with the exact Gassmann's equations and are in excellent agreement with experimental measurements. Experimental measurements of V p /V s ratio for cemented sandstone morphologies are very noisy and cannot be used to infer relationships between elastic properties, mineralogy and rock microstructure. Computations on tomographic images show that the V p /V s ratio exhibits predictable limiting behavior which holds for any number of solid phases and is insensitive to the manner in which the phases are distributed. This allows the development of more accurate empirical methods for deriving the full velocity-porosity relationship for cemented sands. The results demonstrate the feasibility of combining digitised images with numerical calculations to accurately predict petrophysical properties of individual rock morphologies.
Petrophysical properties derived
During the past 10 years, Australia has maintained 65-85% self-sufficiency in oil and better than 100% sufficiency in gas. This has generated significant societal benefits in terms of employment, balance of payments, and revenue. The decline of the super-giant Gippsland fields, discovery of smaller oil pools on the North West Shelf, and the increasing reliance on condensate to sustain our liquids supply, however, sharpens the focus on Australia's need to increase exploration and discover more oil. Australia is competing in the global market place for exploration funds, but as it is relatively under-explored there is a need to simulate interest through access to pre-competitive data and information. Public access to exploration and production data is a key plank in Australian promotion of petroleum exploration acreage. Access results from legislation that initially subsidised exploration in return for lodgement and public availability of exploration and production (E&P) data. Today publicly available E&P data ranges from digital seismic tapes, to core and cuttings samples from wells, and access to relational databases, including organic geochemistry, biostratigraphy, and reservoir and shows information. Seismic information is being progressively consolidated to high density media. Under the Commonwealth Government's Spatial Information and Data Access Policy, announced in 2001, company data are publicly available at the cost of transfer, after a relatively brief confidentiality period. In addition, pre-competitive regional studies relating to petroleum prospectivity, undertaken by Government, and databases and spatial information are free over the Internet, further reducing the cost of exploration. In cooperation with the Australian States and the Northern Territory, we are working towards jointly presenting Australian opportunities through the Geoscience Portal (http:/ /www.geoscience.gov.au) and a virtual one-stop data repository. The challenge now is to translate data availability to increased exploration uptake, through client information, and through ever-improving on-line access.
While the concept of the work program bidding system appears to be sound, the administration of it by the Joint Authorities and Designated Authorities and delegated officers potentially creates many uncertainties for permittees.
The approval process is generally a costly and time consuming one under the work program bidding system and its administrative cost diverts funds that otherwise may have been directed to exploration activities.
Work program permits are also susceptible to uncertainty and dispute as to whether or not the required work program has been met. Issues of proper or improper exercise of discretionary powers can arise, particularly when wide statutory discretionary powers are in practice circumscribed by Administrative Guidelines.
The existence of statutory and administrative discretion requires, in the interests of natural justice, that there be appropriate avenues of appeal for aggrieved permittees. All of the foregoing regulation and cost is removed with cash bid permits. Cash bid permits not only reduce costs for Government but also for industry.
The authors are of the view that offering permits by way of the cash bidding system should be reintroduced, with modifications to ensure its efficiency. This paper will analyse the history of the negotiations and their outcome, the international unitisation agreement, the positions of the existing holders of production sharing contracts and how their rights are to be transitioned through to the new regime. It will also report on the new issues and risks that arise for contractors who have existing titles and those who are seeking to invest in the JPDA and on any changes to commercial terms. Conventional time slices are a powerful method of integrating horizon picks and fault picks into a unified interpretation and are a handy way of viewing structures, especially in faulted areas. The limitation is that time slices are seldom useful in viewing the morphology of a horizon. A 3D cube is the present day structural volume; it retains any structure imparted on the geology after deposition. When a time slice is defined, the structural dip limits the area of the integral depositional elements that can be imaged. For example, a depositional surface developed as part of a fluvial-deltaic system is seldom one event and it cannot be easily identified and picked in a vertical section. Flattened time slices take out the regional dip and allow a complete depositional surface to be viewed.
SESSION 2C-COMMERCIALISING PETROLEUM RESOURCES-INVESTMENT ISSUES
The North West Shelf of Australia and especially the Barrow Sub-basin is a particularly suitable place to apply this exploration technique. The entire sedimentary package, laid down in a variety of depositional environments, has been tilted to the northwest by an average of 3°. This strong post-depositional tilt limits the uses of conventional time slices to imaging only the dip-related features of an area. Whereas conventional time slices only make apparent the dip of the section, flattened time slices can reveal subtle and intricate stratigraphic architecture. This paper describes the seismic features of a number of depositional systems from the Barrow Sub-basin and outlines how complex channel systems can be determined by the use of the flattened time slice approach. Given the importance of stratigraphic plays in the Barrow Subbasin, the technique outlined in this paper is considered to be an important exploration tool. typical of marine parasequences, and possess sharp, erosive lower contacts with underlying claystone. In the case of Denver-1/ST1, the sandstones are heavily bioturbated with a distinct shallow marine trace fossil assemblage. Burrows are less evident in the sandstones from the Linda wells, although several thin bioturbated horizons-also with shallow marine trace fossils-are encountered. Similar patterns of shallow marine deposition are observed in previously drilled wells within the study area, and evidence of pedogenesis is found in core from Georgette-1 (R. aemula age), suggesting that exposure occurred on some of the higher fault terraces during low-stand conditions in the Middle to Late Jurassic.
Further to the west, deepwater submarine fan sediments, deposited during low-stands, have been recognised. A range of time equivalent low-stand deposits-which are spatially and genetically exclusivetherefore exists within the sub-basin. Indeed such a spectrum should be expected in complex and tectonically active areas such as the Jurassic Barrow Sub-basin.
The recognition of shallow marine deposits in the area has major implications with respect to the location and geometry of reservoir sandstones. The low-stand shoreface model, as opposed to the deep marine turbidite model, leads to the prediction of sandstone deposition aligned roughly parallel-rather than perpendicularto the palaeo-shoreline and the potential for deeperwater sandstones further downdip. Burial geohistory plots were constructed using standard decompaction techniques, a fluctuating sea level and palaeo-waterdepths. Using terrestrial compaction and a palaeo-elevation for the Winton Formation, tectonic subsidence during the Winton Formation deposition and erosion is the same as the background Eromanga Basin trend-this differs significantly from previous studies which attributed apparently rapid deposition of the Winton Formation to basement subsidence. A dynamic topography model explains many of the features of basin history during the Cretaceous. Palaeo-temperature modelling showed a high heatflow peak from 90-85 Ma. The origin of this peak is unknown. There is also a peak over the last two-five million years.
SESSION 3A-NORTH WEST SHELF-NEW IDEAS, NEW DISCOVERIES
Expulsion maps were prepared for the source rock units studied. In preparing these maps the following assumptions were made: (a) expulsion is proportional to maturity and source rock richness; (b) maturity is proportional to peak temperature; and (c) peak temperature is proportional to palaeo-heatflow and palaeo-burial. The geohistory modelling involved 111 control points. The major expulsion is in the mid-Cretaceous with minor amounts in the late Tertiary. Maturity maps were prepared by draping seismic structure over maturity values at control points. Draping of maturity maps over expulsion values at the control points was used to produce expulsion maps. Hydrocarbon generation was calculated using a composite kerogen kinetic model. The point bar sandstones in the channel belt should make good reservoirs and the juxtaposition of the point bar and abandoned channel facies can result in a stratigraphic trap component to the reservoir rocks within the channel belt. Although the point bars are known to be wet in the study area, it is still useful to consider their capacity as oil reservoirs, since they may serve as analogues for similar untested point bars elsewhere. Multiple realisations of the distribution of sandstone thickness of the point bars were generated by conditional simulation, using seismic amplitudes to control extrapolation of the well data. This gave a potential reserves distribution with a mean value of 18.8 million bbl in place. The complexity of the fluvial channel systems in the Birkhead Formation described in this paper should aid understanding of the reservoir and seal distribution and help optimise production from this interval in other fields. Recent times have seen a rise in expectations in companies' accountability as good corporate citizens. This trend has seen an increased emphasis on corporate governance and director liability. Further disclosure is now required and/or expected against a number of measures including environmental adherence, community activities and employee relations.
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At the same time companies are now subject to heightened shareholder activism as well as the growth of ethical investment funds which require companies to Do business ethics really matter?
A. Lagan
Presenter: Attracta Lagan KPMG Session 3C: 11:00 am, Bellarine rooms 4 and 5
There are few people today who would dare to say that business and ethics are incompatible forces. This was not the case so very long ago. Despite this shift, the recent spate of spectacular business collapses would seem to suggest that there is still a lag between the values being espoused by today's business leaders, and the resources allocated to ensuring the ethical imperative is embedded in day-to-day decision-making. This paper seeks to present an overview of where the business ethics debate sits today and how this relates to the current state of ethical play in the oil and gas industry. It reviews the major forces pushing ethics up the corporate agenda and seeks to build the business case for why attention to business ethics will improve overall organisational performance. It does this by reviewing the new business philosophies of sustainability and corporate social responsibility (CSR) and argues that these new business doctrines can be seen as essentially applied ethical practices and present the greatest opportunity to date for embedding the ethical imperative in organisational life.
The author argues that historically it has been the oil and gas industries that have been the first to recognise the interdependence of business ethics and organisational performance and that it is these industries have now moved into stage two phase of sustainability development where they are focussing their efforts on embedding the ethical perspective into their day-to-day performance management systems. meet certain standards of corporate behaviour before they will invest.
With the recent collapse of several major Australian companies and the consequent scrutiny of their corporate behaviour, and the revelation of instances of massive levels of corporate impropriety in the US, the above trend can be expected to grow. This paper discusses: • the main platforms of corporate responsibility currently on the public agenda including: • good corporate governance and director liability; • environmental responsibility (sustainability rather than compliance); and • other areas of social responsibility including treatment of employees and preservation of employee entitlements; • the regulatory issues surrounding corporate responsibility, in particular under the Corporations Act; • the risks and rewards of engaging in or ignoring this process. The risks might include potential director liability and public relations issues. The rewards may include access to additional public and private capital; and • issues in this debate of particular relevance to the upstream oil and gas sector. How do Australian petroleum executives value the companies they are running? And how do investors and analystsboth here in Australia and most importantly overseasgauge the performance of these companies?
A global survey for the petroleum industry by PricewaterhouseCoopers entitled, Drilling deeper: Managing value and reporting in the petroleum industry, reveals that investors and analysts believe that key industry performance indicators are not effectively communicated to the marketplace by the majority of oil and gas companies.
The PwC survey shows that significant gaps exist between the petroleum industry's traditional reporting model and the market's demand for more accurate and consistent information. The traditional financial reporting model has limitations. Whilst it looks back in time and focusses on financial measures and tangible assets, it says nothing about future cash flows or some of the most important sources of potential wealth creation within Australian petroleum companies. In short, it no longer meets all the needs of the stakeholders in the global capital markets.
More than ever, investors are on guard against corporate reports that may be technically correct, but fail to provide a true picture of a company's health and prospects. The need for reporting measures and techniques that fully communicate the potential of a company's strategy and operations and promote trust is possibly greater than ever before.
Meeting the needs of the global capital markets will be essential for Australian petroleum companies as we move into 2003 and beyond to continue to attract capital investment both locally and from overseas. This presentation will help interpret the findings of the PwC survey and aid in bridging the information gap.
This will be a presentation only. Overall, the frequency of SAR slicks in the area studied (~1 slick per 13,000 km 2 ) was more than an order of magnitude lower than that observed in the Timor Sea and also other prolific petroleum provinces world-wide. The Jansz gas field is located in permit WA-268-P, 70 km northwest of the Gorgon gas field in the Carnarvon Basin. The Jansz-1 discovery well was drilled in April 2000 and intersected 29 m of net gas pay in an Oxfordian age shallow marine sandstone reservoir. The well drilled a stratigraphic trap on the western limb of the Kangaroo Syncline.
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The Io-1 well was drilled in January 2001 in the adjacent permit WA-267-P (18 km from Jansz-1) and intersected the same Oxfordian sandstone reservoir penetrated by Jansz-1, with a total of 44 m of net gas pay. The Tithonian and the Upper Triassic Brigadier Sandstone gas reservoirs at Geryon-1 (1999) and Callirhoe-1 (2001) in WA-267-P are in pressure communication with the Oxfordian gas reservoir at Jansz-1 and Io-1. Consequently, the three different age reservoirs comprise a single gas pool, with a common gas/water contact. The Jansz gas field has been delineated by four wells and 2D seismic. The gas sandstones have a prominent amplitude versus offset response, which defines the field limits.
The Jansz gas field is confirmed by drilling to be an areally extensive (2,000 km 2 ) gas accumulation with a gross column height of 400 m and an estimated 20 TCF (566 G.m 3 ) recoverable sales gas, which represents 40% of the discovered gas resources in the deepwater Carnarvon Basin. The size of the Jansz gas field and its remoteness from existing pipeline gas markets suggests that an export LNG project will be the basis for its development. This paper will briefly discuss the description of late Triassic and early Jurassic reservoirs and the transition of the AA sand of the Mungaroo Formation from fluvial to marginal marine facies in the Greater Gorgon Area, the recent drilling results of the Triassic Prospects in WA-267-P, and the geophysical attributes of the AA sand Mungaroo Formation reservoirs.
The WA-267-P Triassic Gas Fields are estimated to contain approximately 210 billion m 3 (7.4 TCF) recoverable sales gas. The close proximity of these Triassic gas fields to each other, the clean gas composition and size of resource base suggests these fields are excellent candidates for a future gas development in Western Australia. Since the offshore discoveries of economic gas accumulations at Geographe and Thylacine, the Otway Basin has become the focus of an exploration resurgence. Its proximity to major markets ensures the discoveries will be commercially valuable. The latest successes in the basin are mainly due to modern 3D-seismic techniques. While the upper sedimentary succession has been imaged at high resolution, details of the deeper successions, however, remained obscure.
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An integrated study of magnetic, gravimetric, bathymetric and deep seismic data-sets has outlined the way that pre-existing basement fractures controlled much of the later basin-evolution, the structural style and the distribution of hydrocarbon bearing structures. Although the potential field data do not directly delineate hydrocarbon accumulations, when integrated with other data they provide powerful tools for exploration. For instance, it is possible to map the distribution of Paleocene channels that overlie the basement and represent likely reservoir facies, while data integration with palaeoenvironmental interpretations can highlight areas in which source rock facies developed.
Regionally, the way the rifts have formed with respect to the basement fabric suggests that the dominant extension direction in the basin was N to NNW. Integrating the interpretation with regional studies in the western Tasmanian Anderson with particular emphasis on the application for petroleum. The paper will also illustrate that while greater certainty flows from these decisions, it is still necessary for petroleum and resource companies to engage with Native Title groups (particularly by negotiating agreements) to enable the valid grant of titles and tenements to land subject to Native Title. but to the concept of aboriginality and citizenship as a whole. Like the ALRA, the Native Title Act has had a fundamental impact on the relationship between Aboriginal land interests and resource development. It has often, however, been mired in uncertainty, conflict, and amendments. This has contributed to a climate of legalism that has not necessary always been to the benefit of on-the-ground agreement processes.
In Indonesia there is no basis in law for native title issues and a high level of risk exists as a result of social and political transition. As a result some companies operating in Indonesia have begun to develop new approaches to issues of community relations and development. A new understanding of the necessity of carefully planned partnerships in the context of resource development has begun to emerge in Indonesia. The BP Tangguh project in the Bintuni Bay area of West Papua has set high standards for consultative practices relating to community consultation and community development practices. Whatever the commercial success of the Tangguh project, the processes and systems developed for that project indicate the likely future direction of other best-practice resource development projects in Indonesia and elsewhere.
In the past, development in Indonesia has been heavily influenced by rent capitalism, which has tended to emphasise the giving of permission over effective business and development practice. Rather than assuming that emerging practices in either Indonesia or Australia are somehow occupying the higher ground in terms of best-practice development, it is suggested that Native Title and international practice can usefully be cross-fertilised in a critical manner. This process can be beneficial to companies and to stakeholders alike, particularly in the context of transparent consultation and negotiation practices that focus on the possibilities for cooperation in development, rather than conflict.
Can sustainable development thinking be applied to new oilfields? A case study of the early stages of the Enfield area development in an environmentally and socially sensitive area The case study provides by giving an overview of the most significant environmental risks associated with the proposed development, and concludes that the development does not represent a significant risk to the environment.
The second part of the paper then addresses the question of whether oilfields can be developed sustainably, looking at current views from the literature, and whether the approach outlined in the case study can be considered sustainable.
While the project is still in an early stage of development, it provides a strong indication that oil development can be consistent with current thinking on sustainability, provided that current needs, which include a dependence on fossil fuels, and future needs, such as preservation of the productive and social value of the environmental resource base, are balanced simultaneously. The paper concludes that oil development, even in an environmentally and socially sensitive area, can help facilitate the transition to a more sustainable future. The geological risks were addressed by acquiring 3D seismic and conducting an analysis of the amplitudes and AVO responses associated with nearby gas discoveries and dry holes.
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Management of the financial risk centred firstly around not overbidding and secondly finding a farmee who could add value to the permit during both the exploration and exploitation phases.
The operational risks were all associated with conducting the Casino 3D seismic survey. Local environmental considerations, particularly in relation to migratory whale species and the seasonal activities of local fishermen, meant there was only a six weeks' time window available for unhindered operations. This window also coincided with the spring gale season, when weather conditions can stop marine operations.
The use of experienced personnel, early stakeholder consultation, and the use of contingency plans, enabled Strike Oil to achieve its objectives under adverse conditions. The Casino 3D seismic survey, despite the odds, was completed on time, under budget, and with less than 7% infill, while still delivering high quality data.
The farmout, the acquisition and processing of the 3D seismic data, and the discovery and appraisal of the Casino gas field were all achieved within 14 months. and lacustrine successions and fluvially-derived sandstones. Lithofacies observed in the study area comprise intraformational and exotically derived conglomerate, massive and planar laminated sandstone, trough and tabular cross-bedded sandstone, ripple laminated sandstone, interbedded sandstone and mudstone, massive to laminated mudstone and thin coal seams. Architectural analysis of the fluvial system reveals these lithofacies are arranged into architectural elements that include channel elements, sandy bedforms, downstream and lateral accretion elements, laminated sand sheets and overbank fines elements.
The fluvial system is characterised by low-sinuousity, braided river channels with high width to depth ratios. Palaeocurrent data indicates that the generally westward palaeoflow is interpreted to have been diverted into local axial-through drainage patterns by active northeast trending normal faults. One of these, the Skenes Creek Fault, is also likely to have structurally isolated floodplain and lacustrine successions from the main channel belt, leading to the deposition of an anomalously thick coal measure sequence in the hanging wall of the fault. The local study therefore provides insight into regional lithofacies and potential source rock distributions, and the associated tectonostratigraphic evolution of the With more than 20 of the referrals received from the petroleum sector being determined to be controlled actions (that is, actions that are likely to have a significant impact upon matters of NES), a review of the assessment and approval processes under the Act provides some useful insights into what factors to consider when seeking approval under the Act. In particular, information on the timeframes involved, extent of information required, form and scope of approval conditions and synergies with other approval requirements provide valuable insights to proponents and can assist in planning future activities in a manner that is consistent with both the requirements of the Act and those of the proposed action.
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This paper identifies key issues and lessons for proponents when seeking approval under the Act and also identifies areas where industry can work closely with the Commonwealth Government in ways to achieve a balance between environmental protection and the continued development of the oil and gas industry.
Australia's first regional marine plan S. Sullivan
Presenter: Sean Sullivan National Oceans Office Session 5C: 4:35 pm, Bellarine rooms 4 and 5
Later this year, Australia will confirm its status as a world leader in marine resource management when the outcomes of the Commonwealth Government's planning process for the southeast marine region are made public.
The outcomes will not only be relevant for the industries and other users of Australia's ocean waters off South Australia, Victoria, NSW and Tasmania (including Macquarie Island). They will also inform the regional marine planning process throughout Australia's exclusive economic zone and will be watched closely around the world.
Within months, a strategy for the management of southeastern Australian waters will be released. It will enable better-informed ocean management decisions that will not only provide greater certainty for industries such as oil and gas, but avoid the type of costly mistakes that we have witnessed through many decades on the terrestrial environment.
The planning process has been long and complex because it required an understanding of all the interrelationships between users of our marine resources and their role in sustainable development.
Throughout this process, the National Oceans Office, the Commonwealth's lead agency for oceans policy, has worked closely with industry, community, indigenous and conservation groups to ensure the outcomes are owned by all stakeholders. Early field life has brought some surprises, despite a rigorous assessment of uncertainty during the field development planning process. Higher than expected gas-oil ratios suggested a saturated oil with small primary gas caps, rather than the predicted under-saturated oil. Due to the larger than expected gas volumes, the gas reinjection system proved to have inadequate redundancy resulting in constrained production from the field. The pre-drill geological model has required significant changes to reflect the drilling and production results to date. The intra-field shales needed to be areally much smaller than predicted to explain well intersections and production performance. This is consistent with outcrop analogues.
Surprises are common when an oil field is first developed and often continue to arise during secondary development phases. Learnings, in the context of subsurface uncertainty, from other oil fields in the greater North West Shelf are compared briefly to highlight the importance of managing uncertainty during field development planning. It is important to have design flexibility to enable facility adjustments to be made easily, early in field life. It is now 39 years since the first gas was discovered in Bass Strait's Gippsland Basin. Advances in exploration and production technology mean that today Australia's longest producing offshore basin is also one of Australia's most prospective. Gippsland is now producing around 160,000 barrels of crude and 570 million cubic feet of gas per day. The gas fields of the Greater Gorgon area represent one of the largest discovered but undeveloped gas resources in Asia. The development of these resources will be a world scale undertaking requiring billions of dollars of investment spread over many years. The implications of these developments are far-reaching and will have a material impact on the energy market in Asia and beyond, and will bring significant benefits to Australia. This paper will discuss the unique characteristics of the resources to be developed, the engineering and environmental work being carried out in support of the development, and the gas market opportunities being targetted. The paper will present ChevronTexaco's vision for the development of the Greater Gorgon fields and will discuss the economic, social and environmental effects of that development.
APPEA
ChevronTexaco is the operator of the Gorgon gas field and holds participating interests varying from 50%-100% in the fields of the Greater Gorgon area. Coals in the Sydney Basin contain large amounts of gas ranging in composition from pure methane (CH 4 ) to pure carbon dioxide (CO 2 ). These gases are derived from thermogenic, magmatic and biogenic sources and their present-day distribution is mainly related to geological structure, depth and proximity to igneous intrusions.
A coal bed methane (CBM) study of the Camden area of the Sydney Basin has been jointly conducted by Sydney Gas Company NL (SGC) and the Commonwealth Scientific and Industrial Research Organisation (CSIRO). The delineation of high production fairways is vital for any CBM project development to be commercially successful. An integrated research project employing various methods of reservoir characterisation, including geological, geochemical, geomechanical and gas storage analyses contribute to this delineation for the Camden area, where SGC is currently developing the 300-well Camden Gas Project.
In particular, accurate determinations of gas content, saturation levels, composition and origin, as well as interpretations about distribution, are essential for identifying sweet spots for CBM production optimisation. The extent of gas saturation is a function of numerous factors, including amounts of gas generated between the Permian and Late Cretaceous, amounts expelled from the system during Late Cretaceous-Tertiary uplift and amounts of subsequent secondary biogenic methane generated and absorbed in the coals. The extent of this secondary biogenic gas generation appears to be greatest in coals proximal to the basin margins, where meteoric waters carrying bacteria and nutrients had ready access. Significant enhancement of methane content also occurs, however, in deeper parts of the basin where permeable structures exist.
The integrated study shows that high production CBM wells drilled to date by SGC are located in zones of enhanced permeability. In these locations original thermogenic wet gases have been removed and additional secondary biogenic methane has been generated due to microbial alteration of coal, hydrocarbons and carbon dioxide. This process has replenished the coals by enhancing the methane contents of the respective seams and this phenomenon can be termed 'bio-enhancement' in the context of CBM production. These wells intersected two sedimentologically distinct thick quartz sandstones (>100 m). The upper sandstone unit is Campanian in age and is correlated with the Pale Sandstone, whereas the lower sandstone is of Turonian age and has not been reported previously, and is tentatively named as the Subu Sandstone in this paper.
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The core has been the subject of detailed reservoir quality and diagenetic study as part of a multi-disciplinary study conducted by CSIRO Petroleum. The results of the reservoir quality portion of this study form the basis of this report and demonstrate the following:
• There are two distinct depositional systems present with a lower sandy slope apron and basin floor being relatively shallow, have a risk of biodegradation. Structural closures along the main offshore uplift appear to have been stripped of the Late Permian coal measure succession and must rely on mid-Permian to Early Permian petroleum systems for hydrocarbon generation and accumulation. fan system (Subu Sandstone) and a younger upper shoreface-shallow marine depositional system (Pale Sandstone).
• While the porosity and permeability data for subsurface samples (5 to 16% and 0.1 to 1000mD) are lower than previously reported by Boult and Carman (1990) for surface samples both the sandstone units demonstrate thick, good reservoir quality reservoir capable of holding significant volumes of hydrocarbons.
• Bitumen is present in the pore space through out the sandstones in both wells. The presence of biodegraded hydrocarbons demonstrates that liquid hydrocarbons have been generated in the basin and have either migrated through the Subu and Pale sandstone or have been reservoired in them.
• Associated with the bitumen is pyrite precipitated as an in-situ by-product of shallow biodegradation of the parent liquid hydrocarbon as indicated by sulphur isotope analysis.
• Diagenetic effects include compaction (the dominant control on reservoir quality), minor quartz cementation, minor secondary porosity generation, and in thin zones localised carbonate cementation.
• Despite their very different depositional settings and age difference the thin section petrology of the Pale and Subu sandstones are very similar. The subtle difference between them is textural (grain size, sorting) and detrital clay content. The Subu Sandstone is typically finer grained, displays a higher degree of sorting and has a higher detrital clay content than the Pale Sandstone.
• The character of these sandstones may have as much to do with provenance as with depositional environment and may indicate a separate quartz-rich depositional system sourcing sediment from the Australian craton independent of the Fly Platform Toro/Imburu systems. Sequence analysis shows that a major deltaic system, comparable to the Golden Beach and Emperor subgroups of the Gippsland Basin, built into a restricted seaway during the Late Cretaceous and culminated with deposition of the Rakopi Formation coal measure succession. The Rakopi Formation covers an area of at least 15,000 km 2 of the study area and was followed by a transgression that continued until the Miocene.
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Minor Eocene folding created broad structures with potential to trap large volumes of petroleum. Other potential trapping structures include drape across Cretaceous rift blocks and turbidite mounds of Miocene age.
Modelling shows that much of the Early Cretaceous delta is thermally mature and should be expelling petroleum today. Reservoir facies are present at many horizons, but the primary target is expected to be sandstones of the Rakopi Formation coal measures.
Many analogies can be drawn between the Taranaki and Gippsland basins. The deepwater Taranaki basin appears to be equivalent, however, to the offshore, oilprone part of Gippsland while the nearshore Taranaki and Great South basins together form an analogy for the more gas-prone nearshore part of Gippsland. Performance from the M-1 reservoir has been good, due to excellent reservoir properties. The combination of conventional and geo-steered horizontal wells has performed well with recovery efficiencies of 70% observed in many parts of the field. Lower than expected performance from the northwestern edge of the oil rim was, however, a significant anomaly, with recovery efficiencies 10% lower than from comparable rock in the southern and eastern parts of the field. The underlying cause of this lower performance was believed to be the result of an anisotropic aquifer response allowing greater pressure support along the northwestern flank of the field A re-entry well was drilled from a watered out horizontal well on the Tuna A platform in December 2000. This well was drilled as an oil production opportunity and as a key surveillance data point for the northwestern flank of the field. Results led to further surveillance including contact monitoring and production logging in horizontal wells. In addition to this, simulations were updated to reflect actual performance and surveillance data. Subsequent analysis supported development of a work program for new M-1 drainage points, including additional drill wells and the conversion of existing, watered out horizontal wells to conventional wells. The M-1 re-development work has been highly successful with production rates increasing by about 20,000 barrels per day in the first nine months of the program. It has yet not been possible, however, to find an approach that is truly global and that is aligned with the long-term environmental goal of reducing global greenhouse gas emissions to a safe level.
A framework for action that addresses these shortcomings is developed in this paper. The underlying tenets are environmental effectiveness, economic efficiency, and equity. The power of technology is drawn into the solution, the importance of an appropriate timeframe for action is acknowledged and involvement by all major emitting countries is facilitated. Importantly, this last point includes participation by developing countries in a way that accommodates their aspirations for economic growth. Together, these elements allow a response that minimises costs and maximises the environmental outcome while at the same time enhancing the growth prospects of developing countries.
The analyses show that the costs are particularly sensitive to parameters such as the CO 2 flow rate, the distance between the source and the storage site, the physical properties of the reservoir and the market prices of equipment and services. Therefore, variations in any one of these inputs can lead to significant variation in the costs of CO 2 storage. Allowing for reasonable variations in all the inputs together in a Monte Carlo simulation of any particular site, then a large range of total CO 2 storage costs is possible. The effect of uncertainty for the hypothetical representative storage site is illustrated.
The impact of storing other gases together with CO 2 is analysed. These gases include methane, hydrogen sulphide, nitrogen, nitrous oxides and oxides of sulphur, all of which potentially could be captured together with CO 2. The effect on storage costs when varying quantities of other gases are injected with the CO 2 is shown.
Based on the CO 2 storage cost estimates and the published costs capturing CO 2 from industrial processes, the economics are shown of combined capture and storage (that is, the sequestration process as a whole) for the major CO 2 generation sites across Australia combined with potential compatible storage sites. Examples are shown of the volumes of CO 2 that could be sequestered economically depending on the level of the carbon credit in a hypothetical carbon credit trading regime. Purely as an illustration, assuming hypothetically that a real carbon credit of US$50 per tonne applied and that the cost of capture was US$40 per tonne across the board, then preliminary indications are that, ignoring tax considerations, it would be economic to store about 180 million tonnes per year of CO 2 . This is equivalent to about 70% of the annual CO 2 emissions from stationary sources in Australia in 2000.
